Abstract We aimed to determine the prevalence and bother from pelvic floor disorders (PFD) by obesity severity, hypothesizing that both would increase with higher degrees of obesity. We performed a secondary analysis of 1,155 females enrolled in an epidemiologic study that used a validated questionnaire to identify PFD. Prevalence and degree of bother were compared across three obesity groups. Logistic regression assessed the contribution of degree of obesity to the odds of having PFD. Prevalence of any PFD was highest in morbidly (57%) and severely (53%) obese compared to obese women (44%). Regression models demonstrated higher prevalence of pelvic organ prolapse, overactive bladder, stress urinary incontinence, and any PFD in morbidly compared to obese women and higher prevalence of stress urinary incontinence in severely obese compared to obese women. Degree of bother did not vary by degree of obesity. Prevalence of PFD increases with higher degrees of obesity.
Introduction
Obesity and pelvic floor disorders (PFD), including pelvic organ prolapse (POP), stress urinary incontinence (SUI), overactive bladder (OAB), and anal incontinence (AI), are increasingly common and have significant quality of life, health-related, and economic burden [1] [2] [3] [4] . Prevalence estimates for both PFD and obesity exceed 30% of the adult population [5, 6] . In the US, the prevalence of obesity, defined as a body mass index (BMI) of ≥30 kg/m 2 , was estimated by the National Health and Nutrition Examination Survey in [2005] [2006] to be 34.3% of the adult population, representing an increase in prevalence of 50% over the past decade [5, 7] . Obesity has emerged as a risk factor for PFD [8] [9] [10] with numerous epidemiological studies describing the associations between obesity and the prevalence of urinary [10] [11] [12] [13] [14] [15] and fecal incontinence [10, 14, 15] . In addition, weight loss, achieved both medically [16, 17] and surgically [18] [19] [20] , has been shown to reduce incontinence in obese women. Despite the well-described associations between obesity and PFD, data on the prevalence and associated bother for the spectrum of PFD in obese women are relatively sparce.
Using data from the Kaiser Permanente ContinenceAssociated Risk Epidemiology Study (KP CARES), the objectives of this study were to determine the prevalence and degree of bother from PFD across three levels of obesity (obese, severely obese, and morbidly obese). Our hypotheses were that the prevalence of PFD and the degree of bother from PFD symptoms would increase with higher degrees of obesity.
Materials and methods
Data for these analyses were derived from KP CARES, the details of which have been previously published [21] . In brief, after approval by the Kaiser Permanente Southern California (KPSC) Institutional Review Board, random samples of 3,050 women in each of four age strata (25-39, 40-54, 55-69, and 70-84 years) were selected from the KPSC membership, a large prepaid managed health care plan that serves over three million residents in southern California. English and Spanish versions of the Epidemiology of Prolapse and Incontinence Questionnaire (EPIQ) were mailed with a cover letter describing the voluntary nature of the study, with a small gift card ($5) and a postcard to opt-out or request additional information. The Institutional Review Board waived written documentation of informed consent, which was assumed by survey completion. Reminder telephone calls and a second survey mailing were made to all nonrespondents. Data were collected from April 2004 through January 2005.
The EPIQ was developed and validated to ascertain the prevalence and risk factors for PFD in women from this racially and ethnically diverse community-dwelling population. Survey development, pilot testing, and survey methods have been described elsewhere [22] . Briefly, the EPIQ includes questions related to the presence or absence of POP, SUI, OAB, and AI based on current symptoms and associated degree of bother. For example, for SUI, respondents are asked: "Do you experience urine leakage related to activity, coughing, or sneezing?" For POP, respondents were asked: "Do you have a sensation that there is a bulge in your vagina or that something is falling out from your vagina?" Frequency or duration of symptoms was not queried. The EPIQ also includes demographic questions such as age, race and ethnicity, and marital status and questions about height, weight, smoking, chronic lifting, caffeine intake, obstetric history, menopause, hormone use, depression, diabetes, pulmonary disease, neurologic disease, and pelvic surgery. The questionnaire was validated using focus group testing, test-retest reliability testing, and construct validation in women with and without PFD using a priori clinical criteria, physical examination measures, and bowel and bladder diaries. The positive and negative predictive values for the detection of the specific conditions have been previously reported and are: 76% and 97% for POP, 88% and 87% for SUI, 77% and 90% for OAB, and 61% and 91% for AI, respectively [22] .
The prevalence of each PFD was characterized by degree of obesity, and the associated current degree of bother for each PFD was assessed using a 100-mm visual analog scale (VAS) [23] . For each of the conditions, respondents were asked: "How much are you bothered by" followed by the particular symptom(s) that characterize the condition. For example, for SUI, respondents were asked: "How much are you bothered by urine leakage related to activity, coughing, or sneezing?" The prevalence of PFD and degree of bother were compared across three categories of obesity: obese ≥30 kg/m 2 and <35 kg/m 2 , severely obese ≥35 kg/m 2 and <40 kg/m 2 , and morbidly obese ≥40 kg/m 2 . Chi-squared and Kruskal-Wallis analyses were used to compare the prevalence of each PFD by degree of obesity. Analysis of variance (ANOVA) was used to compare mean VAS scores across the three obesity groups. Partially adjusted regression models including age, mode of delivery, and parity were used to assess the relative impact of degree of obesity on the presence of each and any PFD. Comorbid conditions were compared across obesity groups using chi-squared tests of proportions. Those variables that were different across degrees of obesity were entered into multivariable logistic regression analyses, along with age, mode of delivery, and parity. These fully adjusted models were explored to confirm the independent contribution of increasing degree of obesity to the odds of having any PFD. Crude and adjusted odds ratios (OR) and 95% confidence intervals (CI) were reported for each and any PFD as the outcome. Associations with a two-sided p value <0.05 were considered significant. Statistical analyses were performed using SPSS 11.0 (SPSS Inc., Chicago, IL, USA). Power calculations and sample size were based on the primary study objectives to assess the prevalence of each PFD and identify the risk of mode of delivery on development of PFD [14] . However, post hoc power calculations were conducted for these analyses. The current sample size had greater than 99% power to detect the differences in prevalence of any one or more PFD identified between the three obesity groups.
Results
The mean age (±standard deviation) of the 1,155 obese women was 56.4±14.8 years, and the mean BMI was 35.4±5.3 kg/m 2 . Six hundred and ninety women were obese (mean BMI 32 kg/m 2 ); 284 women were severely obese (mean BMI 37 kg/m 2 ), and 181 women were morbidly obese (mean BMI 45 kg/m 2 ). The race-ethnicity of these women was 58% non-Hispanic white, 23% Hispanic, 14% African-American, 3% Asian-Pacific Islander, and 2% other or unknown race. The demographic and clinical characteristics of the cohort are shown in Table 1 . The prevalence (95% CI) of PFD in all women with a BMI ≥30 kg/m 2 was: POP 9% (7-10%), SUI 24% (22-26%), OAB 22% (19-24%), AI 29% (27-32%), and any one or more PFD 46% (43-49%). In comparison, the prevalence of PFD in the 3,238 nonobese women (BMI< 30 kg/m 2 ) from the original study population was: POP 6% (5-7%), SUI 12% (10-13%), OAB 10% (9-11%), AI 22% (21-24%), and any one or more PFD 32% (30-34%; all p values <0.05 when compared to obese women, data not shown).
The prevalence of any one or more PFD was highest in morbidly (57%) and severely obese (53%) women compared to obese women (44%; Table 2 ). A significant increase in the prevalence of POP and SUI was found in morbidly obese compared to obese women and SUI in severely obese compared to obese women. Although not statistically significant, a trend toward increasing prevalence of OAB and AI was also seen with higher degree of obesity. There were no significant differences in the prevalence of any individual or combined PFD between morbidly and severely obese women. Degree of bother related to each PFD did not vary significantly by degree of obesity ( 
Discussion
In this sample of women from a managed health care population in which obese women had been shown to have a significantly higher prevalence of PFD compared to nonobese women [15] , there was a consistent trend toward increasing prevalence of PFD with increasing degree of obesity. This trend was significant for POP, SUI, and any one or more PFD and was nearly significant for OAB and AI. When we adjusted for covariates, we found that morbidly obese women had the highest odds of having POP, OAB, and any one or more PFD compared to obese women, whereas severely obese women had the highest odds of having SUI compared to obese women. Interestingly, mode of delivery and parity were not associated with any one or more PFD in adjusted models, suggesting the primary importance of the modifiable risk factor of obesity. Associated bother for any of the PFD did not increase with the degree of obesity. Obesity has emerged as a risk factor for PFD [8] [9] [10] with numerous epidemiological studies describing the impact of obesity on the prevalence of urinary [10] [11] [12] [13] [14] [15] and fecal incontinence [10, 14, 15] . Scant data exist on the effects of obesity on POP or OAB. In a cross-sectional study undertaken to understand the possible role of obesity in the etiology of adult female incontinence, Foldspang and Mommsen [24] reported a positive association between increasing BMI and increasing prevalence of urinary incontinence. In addition, Moller and colleagues [25] reported a nearly linear relationship between increasing BMI and the the presence of urinary incontinence. The present finding of increasing prevalence of PFD, particularly SUI, with higher degree of obesity confirms these findings. Others have also identified a ceiling effect where additional weight over 40 kg/m 2 had no impact on the prevalence of PFD [14] . Our findings suggest that there may be an even lower threshold effect on prevalence of PFD above a BMI of 35 kg/m 2 because no significant differences in prevalence could be found between the severely obese and morbidly obese groups for any PFD.
Investigations in cohorts of women undergoing surgical weight reduction have shown consistent reductions in incontinence. Richter and colleagues [14] reported a prevalence of 66.9% for urinary incontinence, predominantly mixed stress, and urge incontinence and 32% for AI in a cohort of 180 morbidly obese women (mean BMI 49.5 kg/m 2 ) undergoing evaluation for laparoscopic weight loss surgery. The higher prevalence of urinary incontinence in their study compared to ours may be attributable to the Table 3 Crude and adjusted odds ratios (95% CI) for the associations between degree of obesity (obese, severely obese, and morbidly obese) and each and any pelvic floor disorder higher mean BMI and degree of comorbid conditions (including PFD) prompting care seeking in their study; however, the prevalence of AI in that study was comparable to our own. Wasserberg and colleagues [26] also examined the prevalence of fecal incontinence in morbidly obese women (mean BMI 49.3 kg/m 2 ) attending a bariatric surgery seminar and found that 63% reported fecal incontinence, a prevalence estimate that well exceeds our own and may be due to the care-seeking population studied. In addition, weight loss achieved both medically and surgically has been shown to improve incontinence in obese women [16] [17] [18] [19] [20] . Burgio and colleagues [19] found the prevalence of urinary incontinence and fecal incontinence decreased after laparoscopic bariatric surgery in morbidly obese women. Kuruba and colleagues [18] found that surgically induced weight loss resulted in an 82% improvement or resolution of urinary incontinence.
Other studies have correlated BMI with severity of urinary incontinence [8, [18] [19] [20] . In the present study, severity of PFD was assessed with use of VAS bother scores. Associated bother for any of the PFD did not increase with the degree of obesity. This finding supports previous studies that have found lower impact, as measured by IIQ-7 and UDI-6 scores, of urinary incontinence in morbidly obese women compared to those seeking urogynecologic care, in spite of matching for urinary incontinence severity [27] . Similarly, in an attempt to determine the impact of excess body mass on the prevalence of PFD, Wasserberg and colleagues [28] demonstrated significantly higher scores on two validated condition-specific qualityof-life questionnaires assessing impact in morbidly obese females compared to age-matched nonobese controls; however, additional increases in BMI>35 kg/m 2 did not show increased adverse impacts on pelvic floor symptoms. Our findings confirm those of others and suggest that a threshold effect on bother above a BMI≥30 kg/m 2 may be operative in this population. That is, the threshold bother effect of urinary incontinence and other PFD may vary depending on the population studied and may be overwhelmed by other comorbidities known to be associated with obesity.
The strengths of this study include its large racially and ethnically diverse cohort of community-dwelling women distributed across a wide range of both age and BMI. The use of a validated instrument that underwent psychometric and criterion validation to identify the presence of a variety of PFD including not only SUI and AI, but also POP and OAB, lends credence to our findings. The use of the validated questionnaire, inclusion of racially diverse sample with a broad range of BMI, and the large sample size distinguish our findings. The limitations of our study are that BMI was based on self-report and thereby prone to inaccuracy in reporting. However, the correlation between self-reported and measured BMI has been shown to be very high (0.90-0.95) in the National Health and Nutrition Education Study III, and we have no reason to believe our population is any different [29] . Additionally, our response rate was lower than anticipated despite considerable effort to increase it. Other limitations of the present study are those common to population-based surveys, such as response bias that may have overestimated or underestimated degree of bother related to PFD, and the potential inaccuracy of self-reported pelvic floor symptoms on a questionnaire. Limitations of the present findings also include the inability to determine causal relationships. However, the pathophysiologic basis posited for the relationship between obesity and PFD lies in the correlation between BMI and intra-abdominal pressure, suggesting that obesity may stress the pelvic floor secondary to a chronic state of increased pressure [30] . In addition, neurologic and neuromuscular disease may contribute to pelvic floor and urethral dysfunction in obese women. Finally, our findings may not be generalizable to an uninsured population.
Given the increasing prevalence of obesity in the population, the present work advances our understanding of the epidemiology of all PFD in an obese, severely obese, and morbidly obese population. These data help to establish prevalence estimates and may inform future studies evaluating the impact of interventions such as major weight reduction on the prevalence of PFD. Our findings delineate the burden of a spectrum of PFD in obese, severely obese, and morbidly obese women and provide a comparison against which postintervention (i.e., bariatric surgery or major weight reduction achieved by alternate means) prevalence may ultimately be compared. Finally, health care providers caring for obese women should recognize the coexistence of obesity and pelvic floor dysfunction, and future studies should evaluate whether obesity-associated PFD can be reduced through successful weight reduction interventions.
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